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(57) Abstract: The invention relates to a method of processing multi- 
path-propagated components of a signal in a communications system. 
In the method, a signal oransmitted on the radio channel of the commu- 
nications system is received (602) in a RAKE receiver and an impuls e 
re sponse of the radio channel is formed (6 04). In the method, one or 
more taps having the highest signal energy in the impulse response are 
located (606) and matched (608) to a short matched filter. A weighting 
value for the impulse response is calculated (610) on the basis of the one 
or more taps in the matched filter and a deviation between the weighting 
value and the centre point of the matched filter is compared (612) with a 
threshold value set for the deviation. The matched filter is moved (614 
to 616) toward the deviation when the deviation exceeds the threshold 
value set for the deviation. 
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Method of processing cdivia signal components 

FIELD OF THE INVENTION 

The invention relates to a radio system anri a mQ fh^ < 

technique "* > SyS ' 6m mpleme "' ed * « spread specb™ 

BACKGROUND OF THE INVENTION 

urban environments, buildings, cars and other obstaSf T ' J 

<o .a red, s, g nal. ^.^^1™^ 
may tas propagate d is,ances o, venous lengths on ,he radio path. luC„ 
mat the components arrive at the receivpr =t * cou,un 9 In 

•V—. such as radio systems £££ b a pT IpecnvmTh ^ 
and employe code division multiple access cdma " ! ' qUe 

one an^lT e ^ Z IT* ~ f ""T "* " J 

A RAKE receiver made up of one or mnm dai/c « 
~, ,s generally used as oJT ^ Z£ * 
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independent receiver units whose task is to despread and demodulate one 
received multipath-propagated signal component In addition to the RAKE 
fingers intended for receiving signals, a CDMA receiver typically has at least 
one separate searche r whose task is to search for the various signal 
5 components transmitted vdith a desired spreading code, to identify their phases 
and to allocate the signal components to the RAKE fingers. The searcher is 
implemented according to prior art, for instance hy rrt^nc nf a matched filte r 
(MF). In practice, the length of a matched filter in a searcher finger is 256 
spreading code units, i.e. chips, because the phase of the received signal is 
10 not known. Each RAKE finger can be directed to correlate with a signal 
component propagated along a different route, each component arriving at the 
receiver delayed in a slightly different manner. The RAKE fingers are directed 
by giving the correlator information on the desired spreading code and its 
phase. 

15 After starting to receive a signal, according to prior art, a RAKE 

finger keeps its spreading code synchronized to the incoming signal of the 
finger using the known early-late code tracking loop, for instance. The receiver 
then has three correlators: one tracks the incoming signal exactly 
synchronized to it, a second synchronizes itself to the early phase of the 

20 spreading code, which is a phase preceding the current phase by half a chip, 
for instance, and a third synchronizes itself to the late phase which is a phase 
delayed by half a chip from the current phase. 

A receiver solution in which each RAKE finger tracks the changes in 
the delay of its own code phase, has significant drawbacks, because in 

25 connection with RAKE fingers, the implementation of the correlators and 
tracking the delay increase considerably the complexity of the implementation 
of the finger. A further considerable drawback in prior art solutions is that when 
the fingers track independently their signal components propagating into 
different directions, the components have a tendency to merge, whereby two 

30 different fingers synchronize themselves to the same spreading code phase. 
One prior art solution, a matched filter of a traffic channel, which is relatively 
long, has increased the complexity of the receiver of the searcher on account 
of the required computational power, thus also increasing the requirements set 
on the equipment. 
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BRIEF DESCRIPTION OF THE INVENTION 

If ;« _. . 



This is ac ) , l eveTl rl2rr 9a,edSlgna,inaCDMAra *o 
5 Passing multipath.p ro pa ga L ,Z 1 0,6 """""Xl °< 
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•s formed in a delay es.ima.pr o, me IT' 
reeeived signal by conalafing ,he reeLn T*' 81 ' ° n basls *• 
1° - ntethod. one or more C^^IT 3 ^ ^ ^ 
energy is , 00ated , 8ald one Qr ^ ' P °™1?» ^'"9 "re highes, signal 
<* shorter man .ha firs, ™ T lo a m **ed filter which 

nasis of ,ha one or moTST^ We,! "* S Va ' Ue is on me 

resppnse using .taW^rlX ^ " ^ 
'5 and a cenbe point o, me sepond mate eX ^ Va,ua 
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«ne deviafion exoeeds me £5 £ « 7™*° » ha " 
second matched filter is moved backward wh » deVia,ior> ' lha 
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repeated during me recepfio o Cs £ V ' a "° n ' * •» laa < are 
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~ w K „ wll u, „ it? signal. 
The invention also relates to a Rak-p r 
system, which receiver comprises mean! f ' 3 com ™™ations 

a radio channel of the JST^ ■« <*" transmitted on 
^ forming an impu.se response of h ^o ch I"" ^ 
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one or more correlators for tracking a mulZth malChed filter ' and 
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matching said one or mo. ^ _ '" 9neSt s, 9 nal en argy, means for 
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deviation undershoots me threshold value t ""^ Whe " 0,8 
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It is an object of the invention to remove the problems related to the 
need for a long matched filter in the reception of a traffic channel of a radio 
receiver implemented by a spread spectrum technique. A further object of the 
invention is to simplify the operation of the fingers, i.e. correlators, of the 
5 receiver to such an extent that they need not track the phase of their own 
spreading code. 

In radio systems implemented by a spread spectrum technique and 
employing code division multiple access, receivers can utilize multipath- 
propagated signal components in such a manner that the components are 
10 received with different delays and combined, whereby the original signal can 
be amplified. The present invention relates to the above-mentioned receivers, 
without, however, being restricted to the multiple access method being a pure 
CDMA, the multiple access method can also be a TDMA or FDMA combined 
with the CDMA. 

15 In a preferred embodiment, the invention can be implemented in a 

RAKE-type receiver having one or more searchers, i.e. delay estimators, and 
one or more fingers. The task of a searcher is to find the multipath-propagated 
signal components and their delays and to allocate the signal components in 
question to correlators which track the spreading code phases allocated to 

20 them. One task of a searcher in finding the multipath-propagated components 
is to find the correct code phase by means of a matched filter. A signal is 
received as input into the matched filter and samples are taken from it. The 
samples are correlated with predefined data, such as a part of a spreading 
code. The input signal multiplied by a spreading code is obtained as output 

25 from the matched filter. The spreading code used in the matched filter must be 
relatively long, 256 spreading code units, or chips, for instance, on a random 
access channel (RACH) in which a terminal within the service area of a cellular 
radio network transmits a connection request to the network. As a result of the 
contact on the random access channel, the receiver is able to synchronize 

30 itself to the signal, and consequently, it can use a shorter section of the 
spreading code, which speeds up the processing of the information received 
on the traffic channel. Further, an impulse response for the radio channel is 
formed in the searcher to estimate the interference caused by the radio path to 
the signal. The impulse response can be formed by means of pilot symbols 

35 transmitted on the channel and known by the receiver. How and on the basis 
of which information the impulse response of the channel is formed in the 
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searcher, is not essential for the invention The imouk* . 

signal energy of the multipath-propaoated Lmn ! P ° nSe depiCtS the 

components. On the basis of ^ ^ ° f "» 

depicted by the impulse response are allots ! 8,9031 COm P° ne ^ 

5 trac ked by the correctors. ^T^t ? * be 

possible to have more of them in the receiver. Y ' " ' S 3,50 

The basic idea of thg '"v^ntinnji tu calcic „ • u ■ 
theimj^ujs^^ 

According to one embol^TT^ 
10 the .mpulse response of a short matched filter in uch a L t * 
to be weighted is the location of the imputoT^l , that ^ 
weight is the strength of the tap, i.e. signTsZHf, * "* ** 

15 spreading code of a matched ^ 

32 units, or chips. " reCept, '° n of a traff * channe. is 

One embodiment of the inventinn f..r+h«„ • , 
^lays of the code phases of (he tJeT^ a . 85 C ° nt, °" in9 ,he 
.he tapu.se response. ,„ ^Tc^^, "** °' * 
20 .he changes occurring ,„ „. d ^ tf^r * °, "*»" nd "'* *«* 
saac=her l oforr„ sallfingereofacha ^J^^^ f rom r en,S ' 

2= «M» the cations reguired'n ^ £ ^trtT T 
code. The implementation of the finaers Is .1 c spreading 

BRIEF DESCRIPTION OF THE FIGURES 

™ , ' n the followin 9. the invention will be descried h, 

30 preferred embodiments and with reference to the attached T ■ * ^ * 

-ansofalsMn^r ' ^ ^ ^ by 

Figure 3 shows the operation of a tranc™.-* 
35 A , HCfdUon0Tatran smitter-receverpair 

F,gure 4 shows the structure of a RAKE receiver, 
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Figure 5 shows a channel estimate matched to a short matched 

filter, 

Figure 6 shows a flow chart of an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
5 The invention can be used preferably in different mobile telephone 

systems implemented by a spread spectrum technique, and the invention is 
here described in a universal mobile telephony system (UMTS) employing 
wideband code division multiple access, without limiting the invention to it, 
however. The examples presented in the description of the invention are 

10 based on the description of the WCDMA system. 

The structure of the UMTS is described by means of Figures 1 and 
2. Figure 1 shows the structure of the UMTS on a rough level, so it is clarified 
by means of Figure 2 by showing which part of the known GSM system 
corresponds approximately to which part of the UMTS. It is clear that the 

15 presented comparison is in no way binding, but provides a guideline, since the 
responsibilities and functions of the different parts of the UMTS are still being 
designed. The figures only contain the blocks that are essential for describing 
the invention, but it is obvious to a person skilled in the art that a conventional 
mobile telephone system also contains other functions and structures which 

20 need not be described in more detail herein. 

The UMTS is as shown in Figure 1 divided structurally into system 
parts, the main division being between the terminal and infrastructure. In this 
context, a terminal refers to a mobile telephone, a portable computer or a 
domestic appliance adapted to a telecommunications network. A terminal can 

25 further be divided into two subsections, mobile equipment and a user services 
identity module, the interface between them being called Cu. The mobile 
equipment performs the facilities of the radio interface and also contains a 
number of other facilities, such as connecting the mobile equipment to a 
portable computer. The user service identity module contains data and 

30 functions for identifying users in the radio system. The USIM also makes it 
possible for the user to change the used terminal in the manner known from 
the SIM card of the GSM system. The infrastructure subsection is divided into 
an access network domain and a core network domain, the interface between 
them being called lu. The access network domain, also called the UTRAN 

35 (UMTS terrestrial radio network), comprises physical equipment and 
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mechanisms with which the user can use th. n „ 
network domain is responsible for network mln, ' Where3S the COre 

instance management of user Lat^n 1 at * ^ ,evel - for 

sign*, The core n^^£~* transmission and 
5 serving network, a home network and a trZf 66 subsecti <™. a 

handles ca.l routing and user data ^ ^ network 

-rce and destinaL 7h^,2~^ " 
network and transit network The home lh J ! °° nneCtod f ° tne home 
which are based on a peLanent toL § nrtwrk 

10 connections outside the uK^^S ^ hand ' 6S 
the connection resides outside £^£ZT *" ^ ^ ° f 

~ can be 

connected to a public switrhaH * Q i u 3 subscrib er terminal 200 

« « has a A base station 

controls the operation of the transceivers 2 6 anH ih Unit 218 WhiCh 

the multiplexer 214, the traffic and , * multi P ,exer 214. With 
transceivers 216 ara 1'Z 1 Channe,s use d by several 

between a base «C a J„ banama,s,o„ link lub which is an interface 

2° of the base J^Z ^ZZ** "** ^ 216 
antenna unit of a base station k „ 8 SUDSCr,ber equipment Ue. The 
antenna, in TuZ'T'T "* a ' — ~ 

^ -P-.-ntennab.anchesatiii^^ZaV^tr *" ^ 

controian^^ratla^S 5 *" "°* «" ~ - ' 
of handovers between L, pZr££ 17* a * reS ° l,TCS ' C ° nW 
Pe 8 ing sabscnber torminais. L ~**>". « 

and data and to canned signalling ciLa Th. a '° S ""' Ch Spee * ~> 

30 coraphaaa a feeder 208 JS^^IT ^ ^ ™ **> 
switching centre 206, becaaaa spee^'a TV* ^ '° * 
mobile switching centre 206 and Z ^nsmiaed between the 

«™ab .bus saving ,^ZZ ZSTj^T ™ ^ ^ 
«hM d«a, speech coding foanato taad b 2 " ^ 

K network and a radio telephone „el* to S n» Til " """* ,e ' eph °" e 
*e 64 kbibs tonaa, of a «xad ^ ^1^^ J— *™ 

a cel,ular rad, o network format (e.g. 
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13 kbit/s) and vice versa. In Figure 2, the core network domain is made up of 
an infrastructure external to the UTRAN and belonging to a mobile telephone 
system. Of the apparatuses of the core network domain, Figure 2 shows the 
mobile switching centre 206 and a gateway mobile switching centre 204 which 
5 handles the connections of the mobile telephone system to an external 
telecommunications network, in this case the public telephone network 202. 

The radio interface Uu between the user equipment UE and the 
UTRAN is a three-layered protocol stack whose layers are a physical layer L1, 
a data link layer L2 and a network layer L3. The L2 is further divided into two 

10 sub-layers, a link access control layer LAC and a medium access control layer 
MAC. The network layer L3 and the LAC are further divided into control (C) 
and user (U) layers. The physical layer L1 provides data transmission services 
for transport channels, the MAC and higher layers. The L2/MAC layer 
transmits information between physical transport channels and logical 

15 channels higher in the protocol stack. There are different types of logical 
channels, such as control channels and traffic channels, in the UMTS system 
like in other digital radio systems. Some of the radio channels are in the uplink 
direction from the user equipment to the cellular radio system, whereas some 
are in the downlink direction from the mobile telephone system to the user 

20 equipment. On a control channel, no radio resources are reserved for the user 
equipment, but control channels handle matters related to the use of the 
system, such as paging user equipment on a common paging channel PCH. In 
the uplink direction, one control channel acts as a random access channel 
(RACH) on which the user equipment requests connection establishment from 

25 the network. Radio resources are reserved for actual traffic channels for the 
user equipment depending on the data transmission need. One logical traffic 
channel is a dedicated channel DCH on which information is transmitted from 
the radio system to the user equipment. A UMTS radio system comprises 
numerous other channels, too, but their description herein is not essential for 

30 the invention. 

Frame and burst structures used on the physical channels differ 
from each other depending on which physical channel they are transmitted. A 
frame refers here to an entity including several bursts, in which case the 
second time-slot in each frame can, for instance, be reserved for one user for 

35 transmitting the burst. One example of a frame is the PDPCH physical channel 
frame of the UMTS TDD mode, whose length is 10 milliseconds and the frame 
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is divided into sixteen time-slots each having a lenqth of 0 fi9«s ml r 
data packet transmitted in a time-slot is eld a bur^ n mi, " SeCOnds - A 
above can contain 2560 chips of informa o Z o 1 1oT 
data chips 1104 to 1359 containing a midaL^ h p 
5 contam-ng again data and at the end of the burst there * 96 ch f* 
9uard period. The data in the midamb.e is often \ so called a Z " 
sequence or a pilot. " ed a training 

and « „ ^^tr^:::: r i~ sym r — • by ,he 

> access channel P ACH . ^ST^Vtl" ' T 
astonishment This bai„i ng sequence ^ * " -«-> «*« 
used during the connection in both downlink and JLT P °" " e 
"raining sequences can also be used for h» ™ t " 1, bU ' dlffere "' 
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or a radio network base station ma as J" 
-ponse. on me basis Che haining u^e ^faT 1 
means that the receiver hies to estate howTe "dfo i h h 7 
data contents of the burst. On the baste * .h P d ' S,C " ted 8,6 

recerver can. using known methods Jj " 2^ *" 
burs, according to dre channel estimated By m^ 0 Mh e tfo * *" 
and the impulse response formed from it t Z^T , 9 SeqU9nce 
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The following describes by means of Fin., ro <? ^ 
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tdarn are the processing steps of £££ " ^ >*" 

and 30 2B . Cerent biock code, JtZTT S-" It, « 



WO 01/18985 



PCT/FIOO/00739 



example being the cyclic redundancy check (CRC). In addition, convolution 
coding is typically used and its different variations, such as punctured 
convolution coding or turbo coding. Pilot bits are, however, not channel-coded, 
because the intention is to find out the distortions caused by the channel to the 
5 signal. When the different channels have been channel-coded, they are 
interleaved in an interleaver 304A, 304B. The purpose of the interleaving is to 
facilitate error correction. In interleaving, the bits of difference services are 
scrambled in a certain way together so that a momentary fade on the radio 
path does not necessarily yet make the transmitted information unidentifiable. 

10 The interleaved bits are spread with a spreading code in blocks 306A, 306B. 
The chips obtained in this manner are scrambled with a scrambling code and 
modulated in block 308, and the separate signals received from different 
channels are also combined in block 308 for transmission through the same 
transmitter. Finally, the combined signal is taken to radio frequency parts 310 

15 which may comprise different power amplifiers and filters restricting bandwidth. 
A closed loop control used in transmission power control usually controls a 
transmission power control amplifier in this block. An analogue radio signal is 
transmitted through an antenna 312 to the radio path Uu. 

The bottom part of Figure 3 shows the essential functions of the 

20 radio receiver. The radio receiver is typically a RAKE receiver whose operation 
is described in connection with the description of the invention in Figure 4. An 
analogue radio frequency signal is received from the radio path Uu with an 
antenna 332. The signal is taken to radio frequency parts 330 which comprise 
a filter preventing frequencies outside the desired frequency band. After this, 

25 the signal is converted to an intermediate frequency in block 328 or directly to 
baseband, and the converted signal is sampled and quantized. Because this is 
a multipath-propagated signal, the signal component propagated along 
different routes are combined, if possible, in block 328 which according to prior 
art comprises the actual RAKE fingers of the receiver. The interleaving of the 

30 received physical channel is removed in deinterleaving means 326 and the 
deinterleaved physical channel is divided in a demultiplexer 324 into data 
streams of different channels. The channels are directed each to its own 
channel-decoding block 322A, 322B in which the channel coding used in 
transmission, for instance block coding and convolution coding, is decoded. 

35 Each transmitted channel 320A, 320B can then be taken to any necessary 
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component of a received signal. Due to the mobile nature of a radio telephone, 
the propagation environment between a base station and the radio telephone 
varies continuously and the strength and number of the multipath-propagated 
signals change with the location of the radio telephone. With reference to 
5 Figure 4, the received signal is taken in the RAKE receiver after an antenna 
receiver 400 and radio frequency parts 402 to an A/D converter 404. The 
multipath-propagated components of the received signal are found in the 
searcher 406 by forming an impulse response for the channel. The searcher 
defines the delays of the different signal components from the impulse 

10 response and allocates the components to the RAKE receiver fingers 408A to 
408D to track. Forming the impulse response is done according to prior art 
and is not essential for the invention. In one embodiment, the searcher 406 
tracks the quality of the connection according to a known quality assessment 
method, such as the bit error rate (BER) and re-allocates the fingers 408A to 

15 408D, if the BER decreases below a pre-set threshold value. One alternative 
is to re-allocate the fingers regularly. During connection establishment, a 
correlator in the searcher 406 tries to synchronize itself to the training 
sequence spread by a spreading code to form the impulse response. For a 
burst received on a RACH channel, for instance, a relatively long matched 

20 filter, such as a 256 chips long filter, is used in the searcher so that the correct 
phase of the spreading code would be found as quickly as possible. After 
having synchronized to the correct phase, the matched filter of the searcher 
can be shortened to 32 chips, for instance, for traffic channel reception. The 
signals received from different correlators are combined in a combiner 410, 

25 after which the signal is transmitted to a decoding part 412. Figure 4 shows 
the essential parts of the structure of an antenna receiver having one antenna 
branch. It is obvious that antenna diversity can be utilized in an antenna 
receiver of a base station, in which case there are more than one antenna 
branches. 

30 The parts of operation of the RAKE receiver shown in Figure 4 that 

are essential for the invention are described next by means of Figures 5 and 6. 
In the starting step 600 of Figure 6, a base station receiver of an embodiment 
of the invention is ready to receive a RACH burst on a RACH channel from a 
mobile phone located within the service area of the base station. In step 602, 

35 the signal arrives at the receiver whose searcher correlates with the signal by 
means of a long matched filter. The impulse response of the channel is also 
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20 



formed in the receiver on the basis of the received sinn*. 
604. Taps having the highest energy ar foul rom t ! ■ ^ * ** 
Pattern according to step 606, accord ng 0 S Z a sZ . 7"™ 
is adapted for traffic channel reception in step 608 pf rnatched filter 
example of an impulse response pattern JL^^Z 32 £""! " 
short matched filter 500. The Y axis 502 show, ,h . PS ' 0ng 

«*«. « er 500. •„ „ htt rv: s i c : r d r r„ r ide ; e sh ° rt 

channel reception The use of a =h™. . ™ lcned " lter 0811 he used in traffic 
the shorter the fitter ^ 7! tehed advantageous, because 

of the intputse response * cateu^^ ^"ItT^ 
pattern In the short matched filter usino m«jT , . ? P reSP ° nSe 
reference to step 610 of FtanTn S,a " Stical anal >* ls ' With 

weighted average of the impulse ^IZ^^^** 



Ik-R t 

* ' Q = . wherein 

I'll* 



25 



30 



C 9 is the centre of gravity of the impulse response R k fh 
impulse response tap, k is the index of thP I T " 6nergy ° f the 
-ength of the impu.se resZTZ^TZ^T^ 7 ^ * " ^ 
invention, the centre of gravity of the Lu^ " emb ° diment of the 
intervals of 10 ms, for Z Z^Z Zl Z * 

Figure 5. be moved to index point 16 whe th "leZn 1° ^ ^ 38 h 
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invention, only the taps which have the highest energy are included in 
calculating the centre of gravity, in Figure 5, for instance, only two taps would 
be included in the calculation. According to one embodiment, the centre of 
gravity can also be calculated as an average of the delays of the allocated 
5 RAKE fingers. Then the strength of the signal at a certain moment does not 
affect the calculation, but only the fact whether a decision has been made to 
allocate a RAKE finger for the signal component. According to step 612 of 
Figure 6, in one embodiment of the invention, a threshold value N s is set for a 
weighting value change, which it should exceed before the location of the 
10 second matched filter is changed. After calculating the weighting value, the 
change in the weighting value is compared with the threshold value N s and if 
C g <^- TT' the code P hase is changed N s chips backwards according to 

step 614, and if 
N N- 

Cg)-^*-^' the code P hase is changed N s chips forward according to step 

15 616. In the example in Figure 5, it is possible to estimate that the centre of 

gravity of the impulse response is approximately 26, in which case 
32 32 

26)— + — = 20, when the threshold value N s is 8. In this case, the matched 

Z o 

filter would be moved 8 steps forward. According to step 618, the calculation 
of the weighting value is done at certain predefined intervals and the 

20 calculation is continued as long as the signal is received. 

According to a preferred embodiment of the invention, the finger 
correlators are controlled according to the centre of gravity changes in the 
RAKE receiver. When the centre of gravity of an impulse response pattern in a 
short matched filter changes one chip backward, for instance, the searcher 

25 informs all fingers that they should also change the code phase they track one 
chip backward. 

The invention is preferably implemented by program, in which case 
the base station 220 is a microprocessor, and the means implementing the 
method of the invention are implemented as a software in it. The invention can 
30 naturally also be implemented by hardware providing the necessary 
functionality, for instance as an ASIC (application-specific integrated circuit) or 
using separate logic components. 

Even though the invention has been explained in the above with 
reference to an example in accordance with the accompanying drawings, it is 
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obvious that the invention is not restricted to it but can be mnnr h • 
ways within the scope of the inventive i dea ^ ^J^T 
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CLAIMS 

1. A method of processing multipath-propagated signal 
components in a communications system, in which method 

a signal transmitted on the radio channel of the communications 
5 system is received in a RAKE receiver (602) t 

an impulse response of the radio channel is formed in the delay 
estimator of the RAKE receiver on the basis of the received signal by 
correlating the received signal with a first matched filter (604), 

characterized by 
10 locating one or more taps having the highest signal energy in the 

impulse response (606), 

matching said one or more taps to a matched filter shorter than the 
first matched filter (608), 

calculating a weighting value for the impulse response using 
15 statistical methods on the basis of the one or more taps in the second 
matched filter (610), 

comparing a deviation between the weighting value and the centre 
point of the second matched filter with a threshold value set for the deviation 
(612), 

20 moving the second matched filter forward when the deviation 

exceeds the threshold value set for exceeding the deviation (614), 

moving the second matched filter backward when the deviation 
undershoots the threshold value set for undershooting the deviation (616), 
repeating the four last steps during reception of the signal (618). 
25 2. A method as claimed in claim 1, characterized by 

defining a delay of each multipath-propagated signal component on 
the basis of the impulse response, 

allocating a correlator of the RAKE receiver to receive at least one 
multipath-propagated component and advising to the correlator the delay of 
30 the multipath-propagated component, 

receiving the signal in the correlator while taking into consideration 
said delay of the signal component, 

if the weighting value changes, changing the delay advised to said 
one or more correlators according to the change in the weighting value, 
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repeating the last step alwavs «#h 0 n «, 
calculated. V When the weighting value is 

3. A method as claimed in claim 1 or 9 ^ h , 

that <he westing value la caiculated as a avl ° ^ " 7 ° " ' Z ° - 
delays. average of the allocated correlator 

4. A method as claimed in claim 1 or 9 i. 

that the weighting value is calculated a TwelL ? " ° * ' ' * 6 d h 
response taps in such a manner thJl , 9 3Vera9e ° f the im P uls * 
the impulse response tao andT h V3 ' Ue t0 be Weighted is the "ocatton of 



5 ' A metho d as claimed in claim 1 2or3ch a r, * 
*-^.oecennepoin,o ( ,he S econ^^^^ 

^rrr °" he ^ — ^ - N. code phasee 
U 2 NT' 

20 ^ . °^X"°" of ,he . ^ — - »• - 

' 2 N. ' 

calculated.^'"' 9 *" *» «*" ■» «W*9 value is 

6. A method as claimed in claim 1 o u 
25 that said communications system b a L ! h 

spread spectrum technique and It Z ItT °!* impleTO " ted 
(CDMA). employing code division multiple acceas 

comprises'' * * which receiver 

30 *. commu^::": 9 (4 ° 0) 3 °" ' -* *a„ne, or 
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one or more delay estimators (406) for forming an impulse response 
of the radio channel on the basis of the received signal by correlating the 
received signal with a first matched filter, 

one or more correlators (408A to 408D) for tracking a multipath- 
5 propagated component of the received signal, 

characterized in that 

the RAKE receiver comprises 

means for locating (406) one or more taps having the highest signal 
energy in the impulse response, 
10 means for matching (406) said one or more taps to a second 

matched filter which is shorter than the first matched filter, 

means for comparing (406) a deviation between a weighting value 
and the centre point of the second matched filter with a threshold value set for 
the deviation, 

15 means for moving (406) the second matched filter onward when the 

deviation exceeds the threshold value set for exceeding the deviation, 

means for moving (406) the second matched filter backward when 
the deviation undershoots the threshold value set for undershooting the 
deviation, 

20 means for repeating (406) the last four steps during the reception of 

the signal, 

8. A RAKE receiver as claimed in claim 7, characterized in 
that the RAKE receiver comprises 

means for defining a delay of each multipath-propagated signal 
25 component on the basis of the impulse response, 

means for allocating a RAKE receiver correlator for receiving at 
least one multipath-propagated component and advising to the correlator the 
delay of the multipath-propagated component, 

means for receiving the signal in the correlator while taking into 
30 consideration said delay of the signal component, 

if the weighting value changes, means for changing the delay 
advised to said one or more correlators according to the change in the 
weighting value, 

means for repeating the last step always when the weighting value 
35 is calculated. 
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9 - A RAKE receiver as clalmvri \ n i ■ 
characterized in that the RAKE rtl * ? ° f 8 ' 

= the ^ value a S , average :i tz s :^:^ 

the .ocatfon of the * be lighted is 

■n the tap, „ the caIcul , on ^X^T ' """" 



C = — 



matched filter, movement of the code phase of the 

meanSferCha "^^«-o<».e second matted * erbyN 
code phases forward, if n \Ms. + y INs 

W 2 R' 

5 va,ue is ca,~ r ^ ^ ^ «*» - weighting 

12 " A RAKE receiver as claimed in „i • , 

division multiple access (CDMA) ""'^ 3nd emp,0 y in 9 «*» 
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600 START 



Fig 6 
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